ABSTRACT-EM1 radiation from a Laser head of a copper -vapour Laser (pulsed discharge Laser) are mapped in the near field with a characterized pick-up probe. This is followed by simulation of Laser head as a microstrip antenna and also as a loop antenna. The modification of radiation characteristics of these antennas by inclusion of metallic sheet with many shorts is studied with an aim to minimize radiated EMI. Shielding of the Laser head feed cable is also simulated.
Introduction:
In the laboratory environment, many types of Lasers are used for a variety of scientific investigations. The pulsed discharge metal vapour laser, of which copper vapour laser is an example, is used in many investigations relating to spectroscopy and material processing. These Lasers are now being manufactured in India. Hence, there is a need to study EM1 emissions from these Lasers, so that. these can work harmoniously in the laboratory as well as industry with other low level electronics.
From the standpoint of EMVEMC investigations, the complete laser is divided into two parts -laser pulser and laser head as shown in Fig. 1 . The metal vapour discharge responsible for generation of optical laser beam is set up in the laser head while the electrical pulse train needed to drive the laser head is derived from the laser pulser. The electrical voltage pulse has an amplitude of over 15 KV and pulse duration of about 600 ns with a rise time of about 40 ns. The pulser has a repetition rate of 5 KHz. The onset of discharge produces a current pulse shape, which is quite complex with peak amplitude of a few kiloamperes. The ,discharge channel is cylindrical in shape (quartz pipe of diameter 5 cm and length-1.2 m) and is enclosed in the rectangular cross-sectioned metallic enclosure, which has certain necessary openings for letting in the electrical power and letting out the optical laser beam. The radiated EM1 around the metallic enclosure was mapped with a pick-up probe consisting of a few turns of copper on a toroid shaped ferrite. The probe was characterized with the help of a network analyzer prior to its use in the radiation mapping. radiation field in the far field region will be taken up with the help of special purpose antennas.
In the course of these measurements, it emerged that the Laser head is major source of radiated EMI. Hence, it was decided to model this component for radiation emission using method of moment based IE3D software from Zeland software Inc., USA.
Laser head modeled as monopole antenna:
As an initial step, the laser head was simulated in 2D as microstrip antenna that is fed from the bottom as shown in Fig. 3 . This microstrip antenna is an approximation to the monopole antenna. The dimensions of the monopole antenna are in cm as been represented by a flat monopole with longer width but of same length for ease of analysis. The radiation in the near and far field region was studied and its characteristics were noted.
shown in the figure. The cylindrical laser head has The shorting posts between the antenna and the metallic shield were taken at the edge to simulate the vertical side edge. For the co-axial feed point shown in Fig. 3 , the theoretical input impedance plot is shown in Fig. 4 . The matching with 50Q coaxial line is obtained at 33.85 MHz as seen in Fig.  4 . At this frequency, the radiation pattern in the two orthogonal planes (@=Oo and 9 0 ' planes) is shown in Fig. 5 . The gain of the antenna is 3.27 dB.
-E-theta.phhi.0. The Laser head, in general, is enclosed inside a metallic box, which has openings for cable, laser head tuning, laser beam, etc. So, the radiation characteristics of the laser will be modified due to the presence of metallic enclosure. To investigate the effect of metallic enclosure on the microstrip antenna, a metallic sheet is placed on top of the antenna as shown in Fig. 6 . The sidewalls were realized using shorting posts. Twelve shorting posts were placed on the top sheet. Due to the presence of metallic sheet, the resonance frequency decreases slightly. By shifting the feed-point towards the shorting posts, impedance matching is achieved. The radiation pattern obtained is shown in Fig. 7 . It was observed that the gain of the antenna decreased to -0.58 dB when metallic sheet with 12 shorting posts are used. The gain reduces further to -4.19 dB with 24 shorting posts. Hence, better shielding effect is achieved when 24 shorting posts are used. The shielding effectiveness can be improved by increasing the number of shorting posts as can be seen from Table 1. -E-theta.phi=O. To account for the radiation from the openings in the metallic enclosure, the slots are cut in the enclosure. Much better shielding is achieved when monopole is shorted at one end and then shielded with a 3 0 metallic sheet. By shorting at the other end, the resonance frequency of the monopole nearly doubles. At the resonant frequency of 59.34 MHz, gain is -12 dB, which is much smaller than the previous cases, indicating better shielding effectiveness.
Laser head modeled as loop antenna:
The Laser head was also modeled as a loop antenna as shown in Fig. 8 . The reason for modeling the Laser as a loop antenna is that current may be confined in the outer portion of the Laser head. Also, due to the high voltage and high current, large electric current and magnetic fields are generated, which are represented by monopole and loop antennas respectively. The input impedance plot is shown in Fig. 9 . The resonance frequency was found to be 29.75 MHz. At the resonance, the simulated radiation pattern is shown in Fig. 10 . The gain of the loop antenna was found to be 3.54 dB. The values are of the same order as that of the monopole antenna. 
